S100A4 is a member of the S100 family of calcium-binding proteins that is directly involved in tumor metastasis. It binds to the nonmuscle myosin IIA (NMIIA) tail near the assembly competence domain (ACD) promoting filament disassembly, which could be associated with increasing metastatic potential of tumor cells. Here, we investigate the mechanism of S100A4-NMIIA interaction based on binding studies and the crystal structure of S100A4 in complex with a 45-residue-long myosin heavy chain fragment. Interestingly, we also find that S100A4 binds as strongly to a homologous heavy chain fragment of nonmuscle myosin IIC as to NMIIA. The structure of the S100A4-NMIIA complex reveals a unique mode of interaction in the S100 family: A single, predominantly α-helical myosin chain is wrapped around the Ca 2þ -bound S100A4 dimer occupying both hydrophobic binding pockets. Thermal denaturation experiments of coiled-coil forming NMIIA fragments indicate that the coiled-coil partially unwinds upon S100A4 binding. Based on these results, we propose a model for NMIIA filament disassembly: Part of the random coil tailpiece and the C-terminal residues of the coiled-coil are wrapped around an S100A4 dimer disrupting the ACD and resulting in filament dissociation. The description of the complex will facilitate the design of specific drugs that interfere with the S100A4-NMIIA interaction. 
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S
100A4 is a member of the S100 family of small, dimeric, EF-hand Ca 2þ -binding proteins. S100 proteins are present exclusively in vertebrates. They are expressed in a tissue specific manner and they regulate specific extra-and intracellular processes (i.e., cell cycle regulation, cell growth, cell differentiation, and motility). S100 proteins form mainly homodimers stabilized by noncovalent interactions between two helices from each subunit (helices 1, 4, 1′, 4′) that form an X-type four-helix bundle dimerization motif. Each S100 subunit contains two Ca 2þ -binding motifs: an N-terminal pseudo-and a C-terminal canonical EF-hand (1, 2) . The elevated concentration of S100A4 is observed in a number of human cancers such as breast, colorectal, ovarian, pancreatic, and others (3, 4) . Overexpression of S100A4 enhanced the metastatic capability of mammary tumors (5, 6) . Extracellularly, binding to annexin A2 (ANXA2) S100A4 activates matrix metalloproteinases through plasminogen activation (7), whereas in the cytoplasm it interacts with cytoskeletal elements like F-actin (8) , tropomyosin (9) , and nonmuscle myosin IIA (NMIIA) (10) , and it has a role in cell shape remodeling. S100A4 has also been shown to interact with several other proteins: p53, CCN3, liprin β1, methionine aminopeptidase 2, and Smad3 (11) (12) (13) (14) (15) .
Upon Ca 2þ binding, S100A4 undergoes a large conformational shift in the canonical EF-hand resulting in the exposure of a hydrophobic binding pocket formed by helices 3, 4, the hinge region (loop 2), and the C-terminal coil region (3) (Fig. 1) . Although the structural transition on binding Ca 2þ is well characterized, atomic details of S100A4 binding to any of its partners have not been described yet. In two crystal structure of Ca 2þ -bound S100A4 the hydrophobic cleft of each subunit is occupied by the C terminus of an adjacent dimer (16, 17) , which could explain the formation of S100A4 oligomers that were observed extracellularly (18) . These clefts were also shown to interact with the calmodulin antagonist trifluoperazine (19) . Interestingly, the known complex structures of the S100 family do not reveal a uniform binding mode as the orientations of the target peptides in each complex are considerably different. Nevertheless, all the structural models reveal that one S100 dimer binds symmetrically to two, predominantly α-helical peptide ligands (20) (21) (22) (23) (24) (25) (26) .
One of the most investigated interaction partners of S100A4 is NMIIA. It has been demonstrated that metastasis-associated cellular motility is coupled to S100A4-NMIIA interaction (3, 27) . The Ca 2þ -dependent interaction of S100A4 with NMIIA prevents filament assembly and promotes filament disassembly (8, 10, 28, 29) . The increased cytoskeletal dynamics leads to the formation of few side protrusions and extensive forward protrusions in S100A4 expressing cells (29) . S100A4 binds to the C-terminal end of the coiled-coil tail of NMIIA (29) overlapping the assembly competence domain (ACD) that is required for filament formation (30) (31) (32) (33) (34) . Despite several efforts to map the S100A4 binding site on NMIIA (16, 35, 36) , the observations are ambiguous, and until now there is no detailed structural model for how the S100A4 dimer dissociates NMIIA filaments. Here, we report the high-resolution crystal structure of the S100A4-NMIIA fragment complex, which reveals a unique target-recognizing mechanism in the S100 family. Based on our findings, we propose a model for the structural basis of S100A4-induced NMIIA filament disassembly.
Results
Affinity of S100A4 to NMII Fragments. Because previous studies on the NMIIA-S100A4 interaction have not unambiguously determined the myosin sequence requirements for S100A4 binding (16, 35, 36) , isothermal titration calorimetric (ITC) measurements were carried out with peptides and fragments illustrated in S100A4 than it was previously reported (16) (Fig. S1A and Table S1 ). The C-terminal extension of this peptide (MPC) binds with micromolar affinity (K d ≈ 2 μM) and with a stoichiometry of one myosin heavy chain peptide to one S100A4 dimer (Fig. 2C) . Because ITC measurements with the longer myosin fragment MF2 suggested a considerably tighter interaction (K d ≈ 6 nM) (Fig. S1B) , we added N-terminal residues to MPC, resulting in a 45-residue-long NMIIA fragment (MPT). Peptides MPT and MPN bind to S100A4 with the same stoichiometry as MPC, but with higher affinities (K d ≈ 8 nM, Fig. 2 B-D) . Although the affinities are similar, enthalpy changes are higher for MPN, whereas the entropic cost of MPT binding to S100A4 is lower, indicating different binding mechanisms for the coiled-coil and random coil regions of the myosin heavy chain (Table S1 ). In order to investigate the isoform specificity of S100A4 binding to the three NMII paralogs, we also measured the affinity of the homologous MPTb and MPTc fragments ( Fig. 2A) to S100A4 by ITC. MPTb shows reduced affinity compared to MPT (K d ≈ 125 nM). On the contrary, MPTc binds to S100A4 as strongly as the NMIIA peptide ( Fig. S1 E and F and Table S1 ).
Overall Description of the S100A4-MPT Complex. Our efforts to crystallize wild-type S100A4 in complex with NMIIA peptides failed. Therefore, we created a triple mutant S100A4 (Cys3Ser/Cys81Ser/ Cys86Ser), where the solvent exposed thiol groups were eliminated in order to avoid disulfide formation, leading to the loss in binding capability of S100A4 to myosin IIA fragments. These mutations were introduced not only to the wild-type, but to the Phe45Trp mutant S100A4, which was originally designed for facilitating spectroscopic measurements. The construct with the four mutations was successfully crystallized and the crystal structure was solved by molecular replacement to 1.9 Å resolution (Table S2 ). According to ITC measurement, MPT binds to the mutant S100A4 with about two orders of magnitude weaker affinity than to the wild-type protein (K d ≈ 1.5 μM), but the stoichiometry of the interaction did not change (Fig. S1D ). Fig. 1 shows how a single chain of MPT (NMIIA heavy chain residues 1894-1935) wraps around the dimeric S100A4 protein in the crystal structure.
Symmetry Breakage in the S100A4 Homodimer upon MPT Binding.
Whereas MPT binds both S100A4 subunits with approximately the same area of interaction surface (1;308 Å 2 and 1;251 Å 2 for subunit A and B, respectively), each subunit of the symmetric homodimer has to adapt its conformation to the different character of the two termini of MPT. Based on differential distance matrix analysis, the most obvious difference between the subunits is that helix 3 (residues 52-62) and helix 4 (residues 72-92) clamp more tightly on the N-terminal part of the peptide in subunit A (by approximately 1.5-2.5 Å) (Fig. S2 ). In addition, loop 2 (residues 42-51) flips over to the rest of the chain in subunit B. Differences between the C termini of chain A and B are due to the crystal contacts evolved between the C-terminal tail of subunit B and a symmetry related subunit A (see SI Text for more details and Fig. S3 ). The most rigid portion of the structure is the N-terminal half of the S100A4 chains (residues 2-44) with no significant differences between subunit A and B. These residues are partly involved in subunit-subunit interactions and in forming the surface of the dimer on the diagonally opposite side to the MPT binding interface. Similar loss of symmetry can be observed in the atomic displacement parameters (ADPs, expressed in the form of crystallographic B-factors) between the two subunits and the two halves of MPT, respectively (see SI Text for details).
Interactions of MPT with the Two S100A4 Subunits. The binding interface between the N-terminal part of MPT and subunit A is abundant in polar interactions involving both side-chain and mainchain atoms. As shown in Fig. 3A , Gln1897 forms an important hub by interacting with Lys-A48, Arg-A49, and Asp-A51, simultaneously. The short α-helix interacts with a hydrophobic surface formed by Trp-A45, Leu-A58, Leu-A82, and Met-A85 via resi- Fig. 1 . Overview of S100A4 in complex with the 45-residue-long NMIIA tail fragment along the twofold symmetry axis of the dimer. S100A4 subunit A and B are shown in green and blue, respectively, while NMIIA peptide in yellow (residues 1893-1913) and orange (residues 1914-1935) , and Ca 2þ ions are gray. The main secondary structural elements are indicated. Fig. 2 . Nonmuscle myosin II heavy chain fragments and peptides used in this work and their affinity to S100A4. (A) Fragments MF1 (NMIIA Ser1712-Glu1960) and MF2 (NMIIA Gln1795-Lys1937) form coiled-coil structures, MF1 assembles into filaments (33) . The mainly negatively (Glu1722-Asn1756) and positively charged (Ala1868-Lys1895) regions (the latter called ACD) that are crucial for filament formation (33, 34) colored in red and blue, respectively. Within the sequence of MPT (NMIIA Arg1894-Lys1937) the residues that are thought to form a coiled-coil in longer fragments are underlined, while orange letters show a and d positions in the heptad repeat. Note that the Nterminal basic residues of MPT overlap with ACD and MPT does not contain the full nonhelical tailpiece. Corresponding amino acid positions of S100A4 binding site that differ in NMIIB and NMIIC (1918 NMIIC ( -1961 isoforms are indicated. An N-terminal Tyr (green) was added to the peptides MPT and MPN to facilitate concentration measurements. (B-D) Heat changes were recorded by ITC experiments at 25°C, at physiological salt concentration. 75 μM S100A4 monomer was titrated with 500 μM monomeric NMIIA peptides. Peptides MPN (B) and MPT (D) show nanomolar affinity to S100A4 (K d < 8 nM), while the binding affinity of MPC (C) is in the micromolar range (K d ≈ 1.8 μM). In all cases, the binding stoichiometry is approximately one myosin peptide per S100A4 dimer. Thermodynamic parameters of the interactions of S100A4 with NMII heavy chain fragments are shown in Table S1 .
dues Leu1900 and Ala1903 (a and d positions in the coiled-coil). The central part of MPT can be characterized by a mixture of hydrophilic and hydrophobic interactions. Asp1908, Asn1911, and Ser1915 form an extended H-bond network with Ser-A64 and Gln-A73. (Fig. 3A) , whereas hydrophobic residues Met1910, Val1914, Leu1917, and Leu1921 (a and d positions in the coiledcoil) in the long α-helix of MPT bridge the S100A4 dimer interface (Fig. 3B) . The C-terminal part of MPT, on the other hand, is abundant with hydrophobic interactions. In this region, eight hydrophobic residues in loop 2, helix 3 and 4 form an extensive and continuous hydrophobic surface with which five hydrophobic residues on the C-terminal part of MPT interact. As a demonstration of the remarkable flexibility of loop 2 in subunit B, this loop forms a hydrophobic ring around Phe1928 (Fig. 3B ). Note that in subunit A residues of this loop form an extensive hydrogen bond network with Gln1897. Finally, wrapping around the dimer Arg1933 forms an ionic interaction with Asp-A10 (Fig. 3B) .
Conformational Changes in NMIIA Peptides upon S100A4 Binding.
To confirm that the complex formation using wild-type S100A4 involves similar structural changes in solution, the secondary structures of the free-and S100A4-bound peptides were investigated by CD spectroscopy. These short myosin tail fragments show disordered structure in aqueous solution. In the presence of Ca 2þ and a 10% excess of S100A4 dimer an increase was observed in the α-helical content in each peptide (Fig. 4A) . Comparing the CD spectra of the S100A4-bound fragments indicates that the α-helical content of MPN and MPT is markedly higher than that of MPC. The helix content of the bound MPN, MPC, and MPT peptides were estimated to be 65% (19 residues), 46% (14 residues), and 42% (19 residues), respectively. These calculations are consistent with observations of the S100A4-MPT crystal structure, and suggest that the central part of MPT is bound as an α-helix, the N-terminal part is partially α-helical, while the C-terminal part assumes nonhelical conformation.
Conformational Changes in Coiled-Coil NMIIA Fragments upon S100A4 Binding. To assess the effect of S100A4 binding on the structure of dimeric myosin, the thermostability of free-and S100A4-bound MF1 and MF2 myosin fragments was studied by CD spectroscopy. The thermodynamic parameters of the dimer-to-monomer transition show that both the van't Hoff enthalpy of denaturation and the melting temperature of the coiled-coil (T M ) clearly decreased in MF1 (Fig. 4B and Table S3 ). In the case of MF2, which forms a relatively short coiled-coil, binding of S100A4 considerably decreases the cooperativity of thermal unfolding, preventing accurate data analysis (Fig. S4) . Nevertheless, both experiments suggest that S100A4 binding partially unwinds the coiled-coil. Note that the structure of S100A4 is extremely thermostable as demonstrated in Fig. S4D . Estimating the α-helix content of freeand S100A4-bound coiled-coil fragments (at temperatures where the helix content of the free coiled-coil is maximal), approximately 25 residues could be unwound upon complex formation (Fig. S4 A and B) . Of those, 10 residues are visualized as coil within the S100A4 binding pocket of our structural model, and consequently approximately 15 residues could be unwound N-terminally to the S100A4 binding site. These results clearly suggest that binding of S100A4 affects the stability of the coiledcoil ACD that could be directly related to the myosin filament disassembly.
Effect of S100A4 on MF1 Filament Disassembly. Finally, we investigated whether both myosin heavy chains have to be occupied by the wild-type S100A4 dimer for total filament dissociation. We examined the light scattering of MF1 as a function of S100A4 dimer concentration at physiological salt concentration (Fig. 5A) . Note that light scattering is directly proportional to the non-S100A4-bound myosin concentration at the observed concentra- Fig. 4 . Secondary structural changes in NMIIA peptides and a coiled-coil fragment upon S100A4 binding. (A) CD spectra of 50 μM myosin heavy chain peptides MPT (▿) MPN (○), MPC (□) were measured at 25°C, at low salt concentration. The black symbols illustrate the spectra of peptides complexed with S100A4 (110 μM). (B) Thermal denaturation of 6 μM MF1 in the absence (○) and in the presence (•) of 15 μM S100A4. The curves of the bound myosin peptides and fragments were produced as the difference between the curve of S100A4-myosin complex and of S100A4 alone (Fig. S4D) . tion range (Fig. S5) . The experimental data could be fitted to a single-site binding model (apparent K d ≈ 8 nM), notwithstanding that the binding of S100A4 to the myosin filament suggests a more complex model. Our results support that the stoichiometry is one S100A4 dimer per one myosin polypeptide chain, because at 10 μM myosin concentration (≫K d ) total solubilization of the filament was observed when 10 μM S100A4 dimer was added. We also tested whether MPT is an efficient competitor of a filament forming myosin fragment. The experimental data, derived from the titration of myosin-S100A4 complex (10 μM) with MPT, was fitted to a competitive binding model. When the affinity of MPT was fixed to K d ¼ 8 nM (estimated by ITC), the affinty of MF1 was calculated to be 30 nM, while addition of 8 μM peptide caused 50% increase in turbidity (Fig. 5B) . These findings indicate that MPT comprises the complete S100A4 binding site.
Discussion
Unique Structure of the S100A4-NMIIA Complex. Our efforts to refine the native interaction footprint of S100A4 on the myosin heavy chain resulted in the 45-residue-long fragment that showed nanomolar affinity to S100A4. We determined the stoichiometry to be one myosin peptide per S100A4 dimer as also suggested in very recent studies (36, 37) . This peptide (MPT) was successfully crystallized complexed to a quadruple mutant of S100A4. Although the Phe45Trp mutation does not affect the interaction of S100A4 with NMIIA fragments (Fig. S1 B and C) , according to recent results the Cys81Ser mutation could be responsible for the differences between the wild-type and the crystallized mutant S100A4 in respect to the interaction with NMIIA (38) . Using the crystal structure, we rationalize the reduced binding properties of the Cys81Ser mutation with the smaller van der Waals radius of the hydroxyl group and a potential competition with water (one such buried water molecule can be observed hydrogen bonded to Ser-A81, whereas in subunit B Ser-B81 is buried in a hydrophobic environment). Nevertheless, the 1.9 Å resolution structure of the S100A4-NMIIA complex reveals an alternate mechanism of target recognition in the S100 family. The crystal structure contains one myosin polypeptide chain that is wrapped around an S100A4 dimer forming a particularly large interface (2;559 Å
2 ) compared to other S100 complexes, where both hydrophobic binding pockets and the surface formed by α-helices 4-4′ are buried. Our structural model revealed a unique interacting interface, hitherto unseen in any S100 protein complexes, formed by helices 3-3′ and 4-4′, to which the central α-helical part of the myosin peptide binds. This groove (the "waist" of the dimer) exists on other S100 proteins as well, but its width and depth vary considerably (Fig. 6) .
There are only a few cases when a homodimeric protein binds to a single asymmetric peptide. A notable example is the dimeric protein kinase A (PKA) regulatory domain that binds an A-kinase anchoring protein (AKAP) peptide in a similar manner (39, 40) . The PKA regulatory domain dimer also forms an X-type four-helix bundle interface, and the bound peptide is α-helical. Helices 1 and 2 in the PKA regulatory domain are in approximately equivalent positions as helices 3 and 4 in S100A4, though the interactions with the nonhelical NMIIA peptide segments beyond the waist region makes this complex markedly more asymmetric. The ligandinduced asymmetry in the homodimeric S100A4, as well as the existence of multiple binding partners, required the evolution of multifunctional structural elements in S100A4. An example of such a structural element is loop 2, which is able to bind both the hydrophilic N terminus and the hydrophobic C terminus of MPT. Conformational adaptation is also extensive when we compare the peptide-free, Ca 2þ -bound wild-type S100A4 (16, 17) with the mutant S100A4 protein in complex with MPT (Fig. S6) . Interestingly, it has been recently demonstrated that p53 and MDM2 bind to their S100 partners in solution with the same stoichiometry (i.e., one chain to one S100 dimer) (41, 42) , strongly suggesting that interactions similar to the S100A4-NMIIA complex potentially exist in other S100 proteins as well. Comparison of four peptide-bound S100 proteins. The structure of (A) S100A4-NMIIA (3ZWH), (B) S100A6-SIP (2JTT) (25) , (C) S100A10-ANXA2 (1BT6) (21) , and (D) S100B-p53 (1DT7) (22) Phosphorylation of NMIIA at Ser1916 by protein kinase C (43) appears to have little interference with binding the S100A4 dimer, as previously demonstrated experimentally (44) , because the Ser1916 side chain points away from the binding interface (Fig. 3A) . Regarding the phosphorylation of Ser1943 by casein kinase 2, because residues located C-terminally to Ala1935 apparently do not interact directly with S100A4, we support the hypothesis by Dulyaninova et al. in that the dianionic phosphate on Ser1943 may facilitate the formation of intramolecular ionic interactions between the nonhelical tailpiece and the ACD, which inhibits filament assembly and the binding of S100A4 (45) .
We also studied the selectivity of S100A4 binding to NMII isoforms and confirmed the lower affinity of S100A4 to NMIIB (29) . However, strikingly strong binding to NMIIC was found. Sequence comparison of MPT in the three isoforms ( Fig. 2A ) reveals a few key residues that could contribute to the observed selectivity (see SI Discussion for details).
Mechanism of Myosin Filament Disassembly by S100A4. We have also examined the effect of S100A4 binding on the coiled-coil forming NMIIA fragments: A drop in melting temperature and in cooperativity of the monomer-dimer transition was observed (Fig. 4B,  Fig. S4 , and Table S3 ). The data demonstrate partial unwinding of the coiled-coil upon S100A4 binding (that affects approximately 15 residues), strongly suggesting at least partial disruption of the nearby ACD that is required for myosin II filament assembly (32) (33) (34) . Disassembly of the ordered rods of MF1 upon S100A4 binding was also investigated, and the same stoichiometry was obtained as with the shorter peptides. Our results support previous findings that a twofold excess of S100A4 monomer is able to disassemble completely the NMIIA filaments (36) . Based on our results, we propose the following hypothetical model for S100A4-NMIIA heavy chain interaction (Fig. 7) . Binding of S100A4 consists of a minimum of two steps. Firstly, S100A4 is supposed to catch the nonhelical tailpiece, then partially unwind the C-terminal end of the coiled-coil (which overlaps with the ACD) and bind it to the waist region. To achieve this, it has to possess a two-partite binding site, as we indeed observed in our structural model. Besides disrupting the ACD, binding of two S100A4 dimers to one myosin tail (one dimer to a single heavy chain) could result in serious steric constraints between neighboring myosins, which could also contribute to the filament disassembly or inhibit filament formation. Confirmation of the above hypothesis and the elucidation of the molecular details of the filament disassembly require further kinetic and structural studies.
Materials and Methods
Expression, Synthesis, and Purification of Proteins and Peptides. The human wild-type and mutant S100A4, nonmuscle myosin II fragments and peptides were obtained by heterologous expression in Escherichia coli, with the exception of peptide MP0, which was synthesized in-house. For detailed cloning, protein expression, peptide synthesis and purification procedures, see SI Text.
Isothermal Titration Calorimetry (ITC). Titrations were carried out at 298 or 320 K in 20 mM Hepes pH 7.5, 150 mM or 500 mM NaCl, 1 mM CaCl 2 , and 1 mM TCEP using a Microcal VP-ITC apparatus. S100A4 variants were titrated up to 2-fold molar excess of ligands. Depending on the K d and ligand concentration, up to 40 injections were performed with 400-s time intervals between injections. The Origin for ITC 5.0 (OriginLab) software package was used for data processing, and the model "One Set of Sites" was fitted.
Circular Dichroism (CD) Spectroscopy. CD measurements were carried out on a Jasco J-715 spectropolarimeter (Jasco) The relative α-helix content of each peptide was estimated based on the molar residual ellipticity measured at 222 nm (46) and corrected with the amount of free peptides calculated from the dissociation constant of each complex (Table S1 ). The CD spectra of myosin peptides were measured in 10 mM Hepes pH 7.5, 20 mM NaCl, 1 mM CaCl 2 , and 1 mM TCEP. Thermostability studies were made in a buffer containing 500 mM NaCl, with a temperature ramp of 1°C∕ min, and the ellipticity was monitored at 222 nm. With the assumption that the unfolding is a two-state transition between the folded dimer and the unfolded monomers, the experimental data were fitted using the equations previously published (47) complemented with the parameters of the linear pre-and posttransitional phases (Eq. S1). F-test was used to estimate the statistical uncertainties in the fitted parameters (SI Text and Eq. S2).
Filament Disassembly Assays. Light scattering measurements of NMIIA fragment MF1 were carried out on Spex Fluoromax-2 spectrofluorimeter (Jobin Yvon) at 320 nm, and at 298 K. The buffer was the same as in the ITC measurements (150 mM NaCl) complemented with 2 mM MgCl 2 . The experimental data of three parallels derived from the filament titration with S100A4 were fitted using Eq. S3. In the case of the competitive assay the experimental data were analyzed using a modified competitive binding model (48) .
X-Ray Structure Determination and Analysis. X-ray diffraction data were collected at 100 K with an X-ray wavelength of 0.873 Å on the beamline ID23-2 at the European Synchrotron Radiation Facilities (ESRF, Grenoble, France). X-ray diffraction data were processed and scaled in XDS (49) , and a molecular replacement solution was found with Phaser (50) using human Ca 2þ -bound S100A4 (PDB ID code 3C1V) as search model. The structural model and crystallographic data are deposited in the Protein Data Bank under PDB ID code 3ZWH. Details are provided in SI Text and Table S2 . Difference distance matrices were calculated using the program ESCET in order to compare the S100A4 structures (51) (see SI Text).
Note Added in Proof. While the present manuscript was under revision, we became aware that Elliott et al. (52) determined the NMR structure of wild-type S100A4 in complex with an NMIIA fragment and reached very similar conclusions. Fig. 7 . Schematic model of S100A4-induced NMIIA filament disassembly. The Ca 2þ -loaded S100A4 (yellow) binds to NMIIA at the nonhelical tailpiece, partially unwinds the ACD (blue) and sterically blocks myosin-myosin interactions causing filament disassembly.
